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Experimental Section
Preparation of 57 Fe/ 34 S-enriched [4Fe-4S] NsrR. Soluble [4Fe-4S]-NsrR (holo-NsrR) was over produced from plasmid pNsrR in aerobic E. coli cultures (BL21 λDE3 Star, Novagen; 37 °C), purified, and converted to apo-NsrR as previously described. [1] Isotopically enriched [4Fe-4S]-NsrR was prepared via a standard NifS catalysed in vitro reconstitution (50 mM Tris, 50 mM NaCl, 5% (v/v) glycerol, pH 8.0) in the presence of 57 FeCl3, and 34 S-cysteine, as previously described. [1b, 2] Isotopically enriched NsrR was isolated and concentrated via a HiTrap heparin column and eluted in 50 mM Tris 2 M NaCl, 5% (v/v) glycerol pH 8.0, as previously described. [1b] Holo-NsrR with a 57 Fe enriched [4Fe-4S] cluster was obtained by supplementing the growth medium with 57 FeCl3 (Goss Scientific Ltd).
[1b] The CD spectrum of the isotopically enriched samples were identical to that of natural abundance samples (not shown).
[1c] Where necessary, a centrifugal spin concentrator (Amicon Ultra, 10K MWCO, regenerated cellulose) was used to concentrate the sample. with 57 FeCl3 (Goss Scientific Ltd). Holo-WhiD was purified on a HisTrap column, as previously described, [3] and buffer exchanged into 25 mM HEPES, 2.5 mM CaCl2, 100 mM NaCl, 100 mM NaNO3, pH 7.5 via a PD10 column (GE Life Sciences were identical to non-enriched samples (not shown). [3] Electrospray ionization mass spectroscopy under non-denaturing conditions [1c] was used to confirm specific isotope enrichment of [4Fe-4S] WhiD. Briefly, holo-WhiD was exchanged into 250 mM ammonium acetate pH 7.1 using a Zeba spin desalting column (Thermo scientific), diluted to ~6 µM cluster (6 pmol/µl), and infused directly (0.3 ml/hr) into the ESI source of a Bruker micrOTOF-QIII mass spectrometer (Bruker, Coventry, UK) operating in the positive ion mode. Full mass spectra (m/z 50 -3500) were recorded for 5 min. Spectra were combined, processed using the ESI Compass 1. The solubility properties of NO limited the ratio of NO to cluster at any one time to < 2:1, but with sufficient NO released over time to achieve the desired overall stoichiometry, which in most cases was an excess (theoretical maximum of 70 NO per cluster but this does not take into account loss of gas to headspace) sufficient to drive the reaction to completion. Samples were allowed to react at ambient anaerobic box temperature (~20 °C) for 5 min (approximately 100 half-lives (PVDOS) were calculated from the raw NRVS spectra using the PHOENIX software package. [7] During data collection the sample was maintained at low temperature using a liquid He cryostat (head temperature <10 K). Accurate sample temperatures were calculated from the ratio of the antiStokes to Stokes intensity by the expression − = and were 50-80 K. [8] Mössbauer Measurements. Measurements were performed using a MS4 spectrometer operating in the constant acceleration mode in transmission geometry, and at 10 K for all samples using a Janis SVT-400 cryostat. A 100 mCi 57 Co in Rh held at room temperature was used as source. All centroid shifts, δ, are given with respect to metallic-Fe at room temperature. The spectra were least square fitted using Recoil software. [9] The parameters from these fittings are centroid shifts (δ), quadrupole splitting (∆EQ), Lorenztian linewidth (Γ), and intensity (I). During the fitting procedure, all parameters were set to be free, for which the two signals were each locked to 50% intensity. This was done because each of these doublets is related to two identical Fe atoms in the cluster. However, even when the intensities were not locked, the hyperfine values were virtually unchanged. The discrepancy in the intensity ratios of the two doublets are likely due to recoil-free fractions of different Fe sites.
Preparation
DFT Calculations. All calculations were performed using the Gaussian 09 set of programs in the gas phase employing the PW91 functional. [10] Iron atoms were described using the LAN2LDZ basis set and effective core potential, with all other atoms being described with the all electron 6-311G** basis set as used by Mitra et al. [11] All structures were optimized and confirmed as minima during the frequency analysis. NRVS spectra were predicted from the DFT outputs using the approximation of Einstein-like modes, where there is no momentum dependence of vibrational frequency and polarization vector, and under the condition of random distribution of molecules. [5a, 12] Calculation of NRVS using harmonic DFT frequencies is a well established approach demonstrating a relatively accurate reproduction of experimental spectral features including isotopic shifts. [6e, 11, 13] As has been demonstrated previously [14] the effects of anharmonicity have much smaller impact on the difference between the experimental and calculated NRVS spectra compared to the error intrinsic to the chosen DFT/basis set combination.
The partial density of states, PVDOS, was calculated according to the following equation. [5a, 12a-h] ( 1) where composition factor, , for the resonant atom Fe in the normal mode α is given by:
In the latter expression (∆rk,α) 2 is the mean square displacement of atom k in mode α and summation in the denominator is taken over all atoms; mk is the mass of the k th atom. N defines the total number of atoms and f(v-vα) is the line shape function which is a convolution of Gaussian and Lorentzian forms. The extracted normal modes were used to simulate the NRVS spectra according to equation (1) using an in-house built computer program.
[12i] Calculated spectral lines were assigned a Lorentzian line shape with the line width of 6 cm -1 for PVDOS. Figure S1 . Mössbauer spectra of Fe-S cluster regulatory protein before and after reaction with NO. A) and B) Zero field Mössbauer spectra for WhiD and NsrR, respectively, as isolated and after addition of excess NO at 10 K. Due to a small asymmetry in the signals, the spectra of the two proteins were both fitted with two doublets, resulting in similar values in δ and ∆EQ (see Table S2 Table S1 ). Previous DFT calculations indicated that DNIC species are best described by two resonance structures consisting of high spin Fe 3+ bound to two NO¯ ligands and high spin Fe 2+ bound to an overall quartet 4 (NO)2̄ ligand, with antiferromagnetic coupling such that a total spin of S = ½ results.
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[15] NsrR; (top) oxidized ferrodoxin (D14C Fd). [16] WhiD NsrR D14C Fd Figure S3 . WhiD nitrosylation followed by absorbance spectroscopy. UV-visible absorbance spectra of as isolated WhiD (grey) and following addition of ~11 NO per [4Fe-4S] cluster (black, previously reported [17] ), and the nitrosylated WhiD NRVS sample following ~40-fold dilution (red). 
